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The three  objectives of this work a r e  to obtain: 

performance from liquid ammonia bat ter ies  over the tempera ture  

range -40°C to -73°C; 

and (In) cell  performance a t  -90°C. 

(I) 72-hour bat tery 

(II) l imited wet stand capabilities to +70"C; 

During the third quarter ,  6 6  cell  t es t s  were  conducted over the temp- 

e ra tu re  range of room ambient to -73°C.  
- 

I 

- 
Single cel ls  were  operated f rom -73°C to +20"C in  excess  of the 

,\ 

72-hour requiremenq as stated for  Objective I. Twenty g r a m s  of - ".-L-. 

sulfur as an additive to the m e r c u r i c  sulfate/carbon cathode and 

the use of partially spent electrolyte have been the stabilizing fac tors  

in  providing this comparatively long life liquid ammonia battery 

pe r fo rrn anc e'.? 
-I 

- 
f Pre l iminary  wet stand tests were  conducted a t  -63°C in o r d e r  to 
-- 
observe the relative effects of var ious t reatments .  Favorable 

resu l t s  with the mercur ic  sulfate/sulfur /carbon cathode were  

observed by introducing two l a y e r s  of microporous rubber sepa r -  

ation and a very light electrical  load. Some indications of wet 
i stand capability were  obtained with light load a t  t2OoC,! but fur ther  -. 

work is required in this  area.  

electrolyte and gases  evolvedduring the life of two room temper-  

a ture  cel ls  have been conducted;iand, though the resu l t s  are not 

as yet fully interpreted,  the implications a r e  that m e r c u r i c  sulfate 

r eac t s  with the electrolyte and that the nitrogen evolved f r o m  the 

cell (cathode local action) i s  now of significantly g rea t e r  importance 

than anode local 

'vhemical analyses of the spent 
a .  

r- 
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Equipment suitable for performance of -90 C full- sized cell 

tes ts  i s  being constructed. 
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INTRODUCTION 

The p r imary  objective of this  program was  to obtain 72-hour 

performance over the temperature range -40°C to  -73°C by 

modification of existing Livingston ammonia bat tery designs.  

Effort i n  this direction during the earlier phases of this work did 

not provide this.  

quar te r  did provide the major p a r t  of this requirement;  and during 

the third quar te r ,  full-sized Mg/HgS04 : S: C cel ls  performed sub- 

stantially in  excess  of the required temperature  range. 

Modifications and testing during the second 

The second objective of this program is to develop l imited wet 

stand capability to an upper tempera ture  of +70"C. 

Also i n  the third quar te r ,  work was initiated on wet stand and the 

study of the electrochemical and local action mechanisms.  

determinations were  made of spent electrolyte and the gas  evolved 

f rom the cells at  +20°C: Of considerable in t e re s t  w e r e  the obser -  

vations that the spent electrolyte did not contain any appreciable 

quantity of potassium ion, and that the gas  evolved was largely 

nitrogen on an equivalent bas i s .  

will be required before the details  can be properly presented.  

Analytical 

Fur ther  interpretation of the data 

P re l imina ry  wet stand tests have been conducted at -63" C, 

par t icular ly  in  the t e s t  tube vers ion of the Mg/HgS04: S: C cell 

where  visual observation was  possible. This feature  has  been 

par t icular ly  helpful in the recent  p rogres s  of this  work. 

Magnesium anode stock w a s  vapor-deposited with a thin coating 

of lead 'metal .  Immersion of these test coupons in  e lectrolyte  
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resulted in a potential of one-half of a volt, reference the HgSO, 

cathode, for  periods ranging up to five seconds followed by 9 

rapid rime to above two volts. 

be requited. 

Heavier coatings will apparently 

The Construction fac tors  of the 76 cell  t es t s  run during the third 

quarter are detailed in Table I-a,  start ing on page 9, along with 

the pertinent t e s t  data. In Table I-b, start ing on page 22, the 

@&me tes ta  are re-tabulated by number against  the voltage at 

high and low load af ter  each day for four days of discharge.  

method of reporting is especially useful in  comparing the per form-  

ance of various tes t s .  Following the ser ia l  presentations of 

Tables I-a and I-b, these d a t a  a r e  abstracted and analyzed as to 

p u r p o ~ e ,  type, and major  variable.  

This 

An Outline of P r o g r e s s  follows for convenience in  studying the 

eubrequent tabulations of the experimental work. 
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I 
ANODE: AZ31B sheet 0.025" thick; a favorable compromise between 

workability and excess magnesium. 

CATHODE: 1 - 1 / S t '  nominal diameter bes t  

SEPARATORS: W e b r i l  M- 1365 sat isfactory fo r  normal  discharge 

Microporous rubber ve ry  helpful in wet stand a t  - 6 3 ° C  
(Increased from 41 to 69 hours)  (Not t r i ed  in  wet 
stand at t20" C) 

AMOUNT S: With coordination number of 2, 20 g r a m s  best .  
With coordination number of 0, 20 g r a m s  best .  

DEGREE O F  COORDINATION 0 g rams  S at - 6 3 ° C  - coordination unimportant 
0 g r a m s  S at - 7 3 ° C  - Diamine super ior  

10 g rams  S a t  - 6 3 ° C  - coordination unimportant 
20 g r a m s  S a t  - 6 3 ° C  and - 7 3 ° C  - O N H 3  dis -  

20 g r a m s  S at t 2 0 " C  - Diamine s-iperior to 
tinctly superior  

0 "3 

CELL TESTS A T  t 2 0 " C :  ( 7 2  hours not required by contract)  
Best cell  - ' ^  - *  

Hrs .  to 1 . 3 ~  

20 
, l ' -b8  = 76 hours  to 1 .  5v 92  

gyS, 50% spent, coated anode, 
activated at -6 3" C 

anode = 52 hours  

coated = 30 hours  

T-90, new electrolyte,  coated 

T-62, new electrolyte,  not 

9 3  

91 

There was  a pronounced s imi la r i ty  in  the voltages 
generated by mos t  of the bet ter  ce l l s  at the end 
of each day af ter  the first day of discharge.  This 
fact  was t rue under both loads.  

PROPORTIONS OF HgSO4: S: C: 20 g r a m s  S with a HgSO,: C ra t io  of 
approximately 7 : 3 best .  
and C and decreased  HgSO,; increased  
coulombs/gram. S only reduced hours ,  
but increased  coulombs/gram to 900. 

Increased  S - 

HgS04 vs OTHER OXIDANTS HggO, is best, par t icular ly  with S a t  - 6 3 ° C  - 
and - 7 3 ° C .  
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OUTLINE OF PROGRESS Continued - 

9. ADDITION OF SULFATES TO CATHODES: None advantageous 

10. ELECTROLYTE STUDIES: Half spent electrolyte useful a t  t20" C. 
Half spent electrolyte decreased  the performance 
slightly at -63°C and m o r e  so  at -73°C. 
17 weight pe r  cent Mg(SCN), reasonably good 
at t20" C and at -63" C. 
10 weight pe r  cent KSCN unsatisfactory. 
50 weight p e r  cent KSCN gave long life, but 
lower voltages under heavy load. 
25 weight pe r  cent best  fo r  mos t  low temp. ce l l s .  

11. REPRODUCIBILITY: Average variation between pa i r s  to 1 .  5 v was 9 pe r  cent. 

12. ACTIVATED STAND Most of the prel iminary wet  stand tes t s  w e r e  con- 
ducted at  -63°C in o r d e r  to observe the relative 
effects of various t reatments .  The bes t  resu l t s  
w e r e  obtained with Cell No. T-107: 

Cathode: 106 g .  HgSOI 0 hX3, LO g. S, 60 g.  carbon 
Separators: M-1365 Webril paper t double l aye r  

of MPR 
Load during stand: 27000 
After a 65-hour wet stand, cell ran  69 hours  

Cell No. T-109 was  subjected to a 65-hour wet 
stand at t20" C. When discharged under cyclic 
loading a t  -63"C, it ran only 3 hours  to 1 .  3v and 
75 hours to 0.80~. 

to  4, 5 volt under the required cyclic loading. 

The investigation of other electrolytes and oxidants 
is indicated. 
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NOTES AND CODE TO TABLE I -a  

'TT = Pyrex  Test  Tube 

Loads shown a s  A/B represent  cyclic loads of A 0  for  6 minutes 
and BCL for  54 minutes 

M-1365 Webril in  multiple layers ,  0.  004"/layer 3 

*After 23 hours,  added KSCN 

Coordination No. 0 = HgSO, 5 

No. 2 = HgSO, - 2 N H 3  (ammoniated) 
No. 4 = HgSO4 - 4NH3 (slaked) 

"'Oxidants" includes major  oxidant, sulfur and additive i f  an oxidant 

C anode coated on outside with rubber cement 

pu re  magnesium anode 
d 

e cell  life = 3 hours  to 1 .  3 volts; 75 hours to 0 .  80 volts, based on 
heavy load 

*based on l ighter load 

**cumulative hours,  based on heavy load 

Electrolyte Code: - 
A - 25 weight percent  KSCN in liquid ammonia 

B - 50 percent  spent electrolyte f r o m  s imi la r  discharged cell,  
plus 50 percent of (A) 

C - liquid ammonia 

D - 80 percent  spent electrolyte plus 20 percent  liquid ammonia 

E - 10 weight percent  KSCN in liquid ammonia 
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NOTES AND CODE TO TABLE I-a Continued 
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El e c tr olyte Code Continued: - 
F - 12. 5 weight percent  Mg(SCN)2 in liquid ammonia; saturated 

%SO4 

G - 50 percent  of (A) plus 50 percent of (F) 

H - 50 percent  of a 17 weight percent solution of Mg(SCN), in liquid 
ammonia plus 50 percent  of ( A )  

I - 25 weight percent  KSCN in  liquid ammonia was  electrolyzed 3 
minutes using two Mg electrodes at 0 . 7 5  volts. 

J - 50 weight percent  KSCN in  liquid ammonia 

Computation of Observed Coulombs pe r  

= coulombs per  gram, E / T I  
R 1  / gms.  

E = average cfpe;k closed circuit voltage 

g r a m s  of oxidants: 

where 

and end voltage of 1 .  50 

R = mean res i s tance  in ohms between light and heavy loads 

T = discharge t ime in seconds to 1 .  50 volts under heavy load 

gms. = combined weight of oxidants 



TABLE I-a 

I ELECTROCHEMICAL CELL TESTS- 

A 

33 

A1624 

Tes t  Number 

" I  
A-624 I 
29 

Major Variables 

368 

HgS04 

Electrolyte 

Reference (page No. ) 

Vehicle 

Net Cell Volume (in.3) 

Wet Stand, Hrs lTemp.  " C  

Temperature  O C, Discharge 

Hra.  to End Voltage ( 1 . 5 1  1.3v)+* 

Anode (AZ31B M g )  Sheet -Thickness, ins.' 

Anode Area  (cm2) 

Cathode, Major Oxidant 

1 

* 

gm. Major Oxidant 

gm. Sulfur 

gm. Carbon 

Additive 

Additive, gms.  

368 I HgS04 

-9- 

T-35 

4 

tSUlfUl 
Temp 

A 

29 

T T  

30 

-6 3 

72/78 

0.016 

377 

HgSO' 

- 

133 

10 

57 

2 I HgSOl' N H 3  Coordination No. 5 , 2  
I 
I 14.7 
I 

Cathode Collector Area (cm2)(Ag wi re )  

Separator  Thickness3, inches 

Initial Closed Circuit  Voltage* 5 
Peak Closed Circui t  Voltage* 

End Voltage (under maximum load) i 1.50 

2nd Voltage (under  light load) I 1.70 

I 11.3 

1 
Peak Anode C. D. (mA/cm2)* ---t -0.44 

I Peak Cathode Collector C. D. (mA/cm')* 

Observed Coulombs /g ram Oxidants6 

Observed F/mol Cathode Oxidants6 

W a t t  Hours/Inch3 of Net Cell 

1.50 

2.04 

T-36 

+Sulfur 

A 

28 

TT 

30 

-63 

67/73 

0.016 

368 

- _  

%SO4 

137 

5 

58 

2 

14. 7 

0.028 

2.10 

2.25 

1.50 

1.70 

0.45 

11.3 

3 52 

- 

0.91 

0.87 

1. 50 

1.75 

T-37 

+Sulfur 

A 

27 

TT 

30 

-63 

97/98 

0.016 

368 

%SO4 

-___ 

126 

20 

54 

z 
14.7 

0. 028 

Z. 1 5  

2.30 

1. 50 

1.70 

0.46 

11.5 

5 02 

0.76 

1.29 

11/19 

0.016 

1 5 7  I 57 

14.. 7 

::;28 ~ 0.028 2 .20  

2.05 

2.30 2.35 
I 

5Z-J -0.47--- r 
1 1 , 5  11.7 

365 

0.12 58 I 0.76 



#: . :r 
+Sulfur 
Temp. 

A 

-10- 

1."3 , 

Activation 
Temp. 

C 

2 Bobbin Configuration - Load, 5; = 2.7/13. 5 

35 

C a th  od c> 
Diam. 1 1 .  5" 

37 

A 

27 

T T  

-63 

48/72 

0.016 

24 8 

HgS04 

126 

1 20 

6 . 5  

0.028 
rP------;- -- 

1.65 

2.37 
I 
'1 1. 50 

! 2 . 0 0  

26.8 

1 253 

i 0. 38 

0.34 
___- 

T-41 

Cathode 
Diam. 
1. 13" 

A 

26 

T T  

59 

-6 3 

84/107 

0.016 

368 

HgS04 

126 

2 0  

54 

2 

1 4 . 7  

0.028 

2. 1 5  

2. 25 

1.  50 

1.78 

0.45 

11.2 

430 

0.65 

0.55 

-. --- 

--.- 

---____ 

-73 1 t21, 

-~ 63/85  ! 0 

0.016 0.016 T 

36 8 

HgS04 

126 

20 

54 

2 

14.7 

0.028 

2. 30 

2. 30 

1. 50 

1 .  90 

0.46 

11.5 

3 26 

0.49 

0. 72 

. . 

----_ 

- 

3 68 

FI g SO4 

126 

20 

54 

4 

14.7 

0.028 

1.52 
- _____ 

T -44 

+Sulfur 

A 

29 

T T  

40 

-6 3 

72/97 

0.016 

36 8 

-__- 

HgS04 

112 

40 

48 

2 

14.7 

0.028 

2. 18 

2.  27 

1 - 5 0  

- --- 

i 1.90 

0.45 

11.3 

355 

0.35 

0.71 

T-45 T-46 

Temp. 
Mg tube 
anode 

A 

33 

A-624 

35 

+20 

5. 519. 5 

0.062 

270 

- _  -- 

HgSO4 

126 

20 

54 

4 

14. 7 

0.028 

2 .  l o  

2 . 1 0  

1 .  50 

1.84 

0.57 

10 .5  

27 

0.04 

0.06 

-- 

- 

A c tive 
Stand 
Cathode 
Only 

A 

46 
TT 

40  

64/-63" 

-6 3 

12/17 - 
0.016 

337 

hg504 

126 

20 

54 

2 

14.7 

0.028 

1.95 

2.05 

1. 50 

- 1t67 
0.45 

10.3 

58 

0.09 

0.11 
._ 

T-47 

HgS04. 
0"3 
No S 

A 

29 

T T  

4 0  

-63 

561 57 

0.16 

368 

126 

0 

60  

I 

1 

0 

11.0 

0.028 

1 .95  
1 

+ 0.40  

3 09 

0.95 

0.48 
1 



I 

T-50 
-~ 

Ac tiv. 
a t  -63" 

A 

31 

A-624 

35  

+20 

49/76 

0.016 

368 

%SO4 

126 

2 0  

54 

z 
15. 5 

0.028 

2.35 

i?! 37 

1: 50 

1 .70  

-1 1- 

1,0? 

1. as 
10.5 

167 

0 .25  

0. 36 

-- -. -. .. 

1. - 

TABLE I-a I 

- 
T-49 

1. NH3 
- 

Activa- 
tion 
Note 4 

C 

T T  

4 0  

-63 

41 

Tes t  Number 

Major Variable s 

Electrolyte 

Reference (page No. ) 
Vehicle 

Net Cell Volume (in.3) 

Wet Stand, Hrs /Temp.  

1 

r 
U 

Temperature  O C, Discharge 

Hrs .  to  End Voltage (1 .5 /1 .  3v)** 

Anode (AZ31B Mg) Sheet -Thickness, ins.' 

Anode Area (cm') 

Cathode, Major Oxidant 

gm. Major Oxidant 

gm. Sulfur 

gm. Carbon 

Additive 

Additive, gms. 
HgS01' NH3 Coordination No. 5 

Separator  Thicknee8 3 , inches 
Cathode Collector Area (cm2)(Ag wire) 

-- 
Initial Closed Circui t  Voltage* 

Peak Closed Circui t  Voltage* 

End Voltage (under maximum load) 

End Voltage (under light load) 

peak  Anedo 6 . D .  (mA/cm2)* 

Peak Cathode Collector C. D. (mA/cm2)* 

Observed Coulombs /g ram Oxidante6 

Observed F/mol Cathode Oxidants6 

Watt Hourr/Inch' of Net Cell 

T -48 

In - 
creased  
C & S  

A 

34 

T T  

40  

-63 

78/93 

0.016 

36 8 

__- - 

HgSO4 

72 

36 

72 

2 

15.5 

0.028 

2 . 1 5  

2.25 

1.  50 

1 .82  

- 

-- 

9.45 

i o .  7 

5 34 

0.44 

0.76 

CLECTROCHEMICAJi CELL TESTS- I 

0.016 

368 

HgSO, 
126 

20 

54 

G 
14.. 9 

0.028 

2. 1 5  
-- ~ 

2 . 2 0  

1. 50 

1.82 

0.44 

1 0 . 9  

207 

0.31 

0.39 -- 

0.47 

11.2 

8 59 

0.39 

0.58 
L- 

-- 
T- 51 

Slaked 

A 

30 

TT  

40 

-63 

38 

0.016 
I~ 

368 

HgS04 

126 

20 

54 

4 

13.6 

0.028 

1.70 

2.15 

1. 50 

1 .92  

0 .43  

11 .t6 

-- 

189 

0.28 

0 .35  
-. . 

Center 
anode Mg rod I 

1 A 

33 

A-624 1 35 

+20 1 
33/45 

__  

126 I 20 

1 54 

2 

I 15. 5 

0. 028 

I 2. 1 5  

2.22 

I 1.50 
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2 Bobbin Configuration - Load, C = 2.7/13. 5 I 

Outer 
Anodes 

A 

I 33 

A-624 

35 

,I +20 

5 08 

I HgS04 

126 

I 20 

15.6 

.032/.028 

0. 32 

I 10.4 

176 

0.27 

T-54 

+Sulfur 

A 

29 

T T  

40 

-6 3 

71/92 

0.016 

36 8 

-__ 

%SO4 

122 

25 

53 

2 

15.6 

0.028 

2.20 

2.25 

1. 50 

1 .85  

0.45 

10.6 

36 1 

0.48 

0.69 

- ~ -  

T- 55 
- . -  - -  

Sulfur 
Only 

S : C  = 1 :3 

A 

34 

TT 

40 

-6 3 

41/45 

0.016 

36 8 

S 

30 

-- - ___ 

90 

15.6 

0.028 

1.85 

2. 05 

1. 50 

1.80 

0.41 

9.7 

96 8 

0. 32 

0. 36 

-__ _ _  

__ _- __I 

T-  56 
-_I - 

Sulfur 
Only 

S:C = 1 :3 

A 

34 

TT 

40 

-6 3 

33/45 

0.016 

36 8 

S 

30 

-- . . _  

9 0  

14. 3 

0.028 

2. O S  

2. 06 

1. 50 

1.90 

0.41 

10.6 

77 5 

0.26 

0.29 

- 

- -___ 

. - _ _ _ _  

T-  57 - ___- 

m-DNB 

A 

36 

TT 

40 

-6 3 

22/57 

0.016 

36 8 

m-DNB 

30 

0 

90 

- -_ _- _- 

14.3 

0.028 

2. 07 

2. 07 

1 .  50 

1.85 

0.41 

10.6 

524 

0. 91 

0. 19 

~~- 

-- -- 

T- 58 
-_ - -- 

m-DNB 
Active 
Stand 

A 

36 

T T  

40 

7 0/-6 3 

-6 3 

0118 

0.016 

368 

m-DNB 

30 

0 

90 

14 .3  

0.028 

1 .63  

1 .83  

1. 50 

1. i 5  

0.73 

9 .4  

- - _ _ _  

-- - 

T-  59 
- - - .. . 

Sulfur 
Only 

s:c= 1:2 

A 

34 

T T  

40 

-6 3 

25/45 

0.016 

368 

S 

42 

-- 

84 

15.6 

0.028 

1.93 

2 .13  

1. 50 

1 . 8 5  

0.43 

10.0 

431 

0.14 

0.23 

- - -  -_ - 

-- 

-- 

T-60 
.- 

HgSOI. 
0nh3 

A 

27 

TT 

4 0  

-63 

1061119 

0.016 

368 

hg504 

106 

20 

60  

0 

13 .0  

0.028 

2.20 

2.25 

1 .  50 

1.72 

-- 

0.45  

12.7 

6 28 

0.84 

1.03 
. .  - 
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TABLE I-a 

ELECTROCHEMICAL CELL TESTS- I 
Tes t  Number 

Major  Variables 

Electrolyte 

Reference (page No. ) 

Vehicle 

N e t  Cell Volume (in.3) 

Wet Stand, Hrs lTemp.  'C 

Temperature  O C, Discharge 

Hrs .  to  End Voltage (1.5/1.  3v)** 

Anode (AZ31B Mg) Sheet -Thickness,  ins .  

Anode Area  (cm') 

Cathode, Major Oxidant 

1 

* 

gm. Major Oxidant 

g m .  Sulfur 

gm. Carbon 

Additive 

Additive, gms .  
HgSOr' NH3 Coordination No. 5 

Cathode Collector Area  (cmZ)(Ag wi re )  

Separator  Thicknes s3. inches . 
Initial Closed Circui t  Voltage" 

Peak  Closed Circui t  Voltage* 

End Voltage (under  maximum load) 

End Voltage (under  light load) - 
Peak Anode C. D. (mA/cmz)* 

Peak Cathode Collector C. D. (mA/cm2)* 

Observed Coulombs / g r a m  Oxidants6 

Observed F/mol Cathode Oxidants6 

W a t t  Hours/Inch3 of Net Cell 

T-6 1 T-6 2 

Coord. No. 
Temp. 

A 

31 

A-6 24 

35 

-7 3 

851102 

.040 

36 8 

HgS04 

106 

20 

60 

0 

12 .3  

0.028 

2. 22 

2. 28  

1. 50 

1.88 

Q. 46 

13.6 

5 06 

0.67 

0.96 

Coord. NO. 
Temp. 

A 

31 

A-624 

35 

+20 

30191 

-040  

36 8 

HgS04 

106 

20 

60 

0 

1 2 . 3  

0.028 

2. 25 

2.35 

1 .  50 

1 . 8 2  

0 .47  

14.0 

187 

0.25 

0.37 

wet stand 

I Open 
Circuit  

I A 

46 

I TT 

40 

I 661-63" 

-6 3 

10.1 16 

0.016 

I 36 8 

HgS04 

120 

20 

I 60 

2 

1 15.6 

0 .028  ,.,, 
2. 15  

I 1. 50 

1 .85  

10.1 

52 I 
0.08 

I 0.09 
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Continued 

1 Bobbin Configuration - Load, = 2.7/  13.  5 

thick 
anode 

i A  
26 

I TT 
40 

-6 3 

1 71/88 

.040 

120 

20 

I 6 o  

2 

15 .6  

I 

0.028 

2. 25 

1 1 . 5 0  

1 . 7 8  

f-Tz--- 

1 379 

10.6 

0. 56 - 1 0 .69  

T-65 

t r iple  
cathode 
single 
anode 

A 

a? 
TT 

40 

-6 3 

63/74 

0.040 

245 

HgS04 

106 

20 

60 

0 

27. 2 

0.016 

2. 25 

2. 25 

1 .  50 

1 .65  

0 .68  

6 . 1  

374 

0.  50 

0 .61  

T-66 
- 

p ure  

anode 

A 

27 

TT 

40 

Mg 

- 6 3  

87/94 

0. 014d 

348 

HgS04 

106 

20 

6 0  

0 

11 .7  

0.028 

2. 30 

2 .  30 

1 .  50 

1 . 7 2  

0.49 

14. 5 

5 20 

0.69 

0.87 

T-67 

spent 
electro- 
lyte 

B 

39 
TT 

40 

-63 

lOl / l09  

.040 

36 6 

HgS04 

106 

20 

60  

-- 

0 

11 .7  

0.028 

2.30 

2.34 

1 - 5 0  

1 . 7 5  

0 .47  

14 .7  

611 

0.81 

1 . 0 3  

T-68 
___ ____ - 

spent 
e lec t  ro- 
lyte 

€3 

32 
A-6 24 

3 5  

+20 

76/92 

0.040 

368' 

HgS04 

106 

20 

60 

0 

11.7 

0 .028  

2.25 

2. 25 

1. 50 

1 . 6 5  

9 . 4 5  

14. 2 

450 

0.60 

0.85 

T-69 
__ - -- - - . - - 
cathqde 
electrolyte 
t reated 

C 

42 

TT 

40 

-6 3 

30/45 

0 .040  

36 8 

HgSO4 

7 7  

15 

45 

KSCN 

a 3  

0 

14. 2 

0 .028 

1.70 

2.  25 

1 .  50 

1 .  80 

0 . 4 5  

11 .7  

244 

0. 32 

0. 29 

Tc70 

Hg(SCN), 

~- 

4 
36 

TT 
40 

-6 3 

63/74 

0.040 

36 8 

Hg( SCN), 

106 

20 

60 

0 

14. 2 

0.028 

2. 15 

2. 25 

1 .  50 

1 . 6 5  

0 .45  

11.7 

37 4 

0.51 

0.61 

T-7 1 

HgS 
alone 

A 

36 

T T  

40 

-63 

21/28 

0.040 

36 8 

HgS 

130 

0 

56 

0 

14. 2 

0.028 

2.20 

2.20 

1.  50 

1.65 
0.44  

1 1 . 4  

119 

0.29 

0 .20  



-1 5- 

spent 
el e c tr o - 
lyte 

Hg( SCN), 
Temp. 

~- 

TABLEI-a I 

cathode 
el e c t  r ol yte 
t rea ted  I 

Tes t  Number 

Major Variables 

Hrs .  to End Voltage (1. S / l .  3v)** 

Anode (AZ31B Mg) Sheet -Thickness, ine.' 
* 

Electrolyte  

Reference (page No. ) 

Vehicle 

Net Cell Volume (in.3) 

W e t  Stand, Hrs /Temp.  "C 

Temperature  O C, Discharge 

1 

67/75 

0.040 

ELECTROCHEMICAL CELL TESTS - I 
~ 

60174 

0.040 

36 8 36 8 

%SO4 Hg( SCN), 

T-72 T-7 3 T-74 T-7 5 
I I I 1 

78/87 0123 

0.040 0.040 

368' 36 8 I HgSQ HgS04 

spent 
e lectro-  
lyte 

B 

39 

A-6 24 

35 

60 

-73 

I 45 

KSCN 

0 

Anode Area  (cm2) 

Cathode, Major Oxidant 

gm. Major  Oxidant 

gm. Sulfur 

gm. Carbon 

Additive 

Additive, gm s . 
HgSO1' NH3 Coordination No. 5 

Cathode Collector Area  (cm2)(Ag wi re )  

Separator Thickness3, inches 

83 

0 

2 .00  

2.  25 

1 .  50 

l .  72 

0 .45  

15.0 , 

46 2 

0.62 

0.76 

A 

36 

A-624 

35 

I 
I 
I 
I 

- -3 

1.95  

1 .95  

1 . 5 0  

= e -  

0.39 

. 10.1  

- - -  
--- 

-7 3 

Peak Closed Circui t  Voltage* 

End VQltage (under  light load) 

End Voltage (under  maximum load) 

D 

39 

TT 

40 

2.20 

1 .  50 

1 . 7 5  

-6 3 

Peak  Anode C. D. (mA/cm2)* 

Peak Cathode Collector C. D. (mA/cm')* 

Observed Coulombe/gram Oxidants6 

Observed F/mol Cathode Oxidants6 

Watt -30urs/Inch3 of Net Cell 

E 

42 

T T  

40 I 
-6 3 I 

- 
p.  44 

1 3 . 8  

390 

0. 52 

0.72 

106 

20 

6 0  

0 

11.7 

0.028 

106 

20 

60 

0 

14. 2 

0.028 

106 

20 

77 

15 

I 11.0  14 .2  1 0.028 I 0.028 
Y 

Initial Closed Circui t  Voltage* I 2.20 2. 24 

2.24 

1 .50  

1 .80  

0.45 

11.6 

354 

0.48 

0.66 
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1 Bobbin Configuration - Load, = 2 . 7 /  13. 5 

Amt. 

I s  
1 24, 

A 

T T  

40 

-63 

e 
I 
I 10 

I 
I o  

I 
I 
1 
'I 0 - 6 4  

I 424 

258' 

HgS04 

116 

6 0  

12 .3  

0.028 

2.10 

2. 23 

1 .50  

1 . 7 3  

P 

13. 3 

0.79 

T-77 

HgS + 
S 

A 

36 

T T  

40 

-63 

35/40 

0.040 

368' 

HgS 

106 

20 

60  

0 

15.6 

0.028 

2.12 

2.20 

1 .50  

1 . 7 8  

0 .44  

10 .4  

204 

0.25 

0.33 

T-78 

Hg(SCN), 
spent 
ele ctr  o - 
lyte 

B 
41 

TT 

40 

-6 3 

60/70 

0.040 

368' 

Hg(SCN), 

106 

20 

60 

0 

15 .6  

0.028 

2. 16 

2.34 

1.  50 

1 . 7 5  

0.47 

11 .0  

36 3 

0.49 

0 .61  

T-79 T-80 

wet  
stand 
open 
cir cult 

A 

46 

T T  

40 

66 / -6 3 O 

-6 3 

15 /20 

0.040 

258' 

HgSO4 

106 

20 

60 

0 

11 .6  

0.028 

2. 05 

2. 15  

1 . 5 0  

1 .70  

0 . 6 1  

13.6 

87 

0 .12  

0 .  14  

in  - 
c reased  
C & S  

A 
34 

T T  

40 

-63 

83/98 

0.040 

310' 

HgS04 

75  

39 

72 

0 

13 .6  

0. 028 

2.25 

2.25 

1 . 5 0  

1 .85  

0 . 5 3  

12 .2  

544 

0.44 

0.81 

T-81 T-82 

electro- 
lyte  and 
MgSO4 

F 

37 

T T  

40 

-6 3 

49/57 

0.040 

258' 

HgS04 

106 

20 

60 

MgS04 

10 

0 

13. 0 

0.028 

1 .92  

2 . 2 0  

1 .  50 

1 .87  

0 .63  

1 2 . 4  

286 

0 .  38 

0.46 

t r ip le  
cells 

A 

27 

TT  

40 

-6 3 

55/59 

0.016 

348' 

HgSO4 

106 

20 

60 

0 

23. 3 

0.016 

2.13 

2.25 

1.50 

1.68 

0 .48  

7 . 1  

3 26- 

0 .43  

0 .54  

T-83 

amt. 
S 
electro- 
lyte  

G 

32 

A-624 

35 

+20 

49/76 

0.040 

258' 

HgSO4 

116 

10 

60 

0 

12 .3  

0.028 

- - -  
2.33 

1 .50  

1 .65  

0 . 6 6  

13. 9 

297 

0.55 

0.57 

__c _-- 

. -  

T-84 
- 

amt. 
S 
electro- 
lyte 

G 

leaked 

A-624 

35 

+20 

12/13 

0 .  040 

258' 

HgSO.4 

106 

20 

60 

0 

11 .3  

0.028 

- - -  
2. 35 

1 .50  

2. 05  

0 .67  

1 5 . 3  

73  

0.10 

0. 14 

--77- 

-_____- 
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TABLE I-a Continued 

ELECTROCHEMICAL CELL TESTS 
Bobbin Configuration - Load, n = 2.71 13. 5 

El e c t r  ol yte 

Reference (page No. ) 

Vehicle 

Net Cell Volume (in.3) 

Wet Stand, Hrs /Temp.  " C  

Tempera ture  O C, Discharge 

1 

Hrs .  to  End Voltage (1. 5/1.3v)** IF 
I 
I 
I 

Anode (AZ31B Mg) Sheet -Thickness, ins.' 

Anode Area  (cm') 

Cathode, Major Oxidant 

gm. Major Oxidant 

gm. Sulfur 

gm. Carbon 

Additive 

Additive, gms.  
HgS04' NH3 Coordination No. 5 

Cathode Collector Area  (cm2)(Ag wi re )  

Separator Thickness3, inches 
I :  

Initial Closed Circuit  Voltage* 

I Peak Closed Circui t  Voltage* 

End Voltage (under maximum load) 

End Voltage (under light load) 
- - - _ -  - 
Peak Anode C .  D. (mA/cm')* 

Peak Cathode Collector C. D. (mA/cm')* 

Observed Coulombs / g r a m  Oxidants6 

Observed F/mol Cathode Oxidants6 

W a t t  Hourlr/Inch3 of Net Cell 

I 
I 

T-85 T-86 

Acetyl. 
Black 

A 

34 

T T  

40 

-6 3 

79/95 

0.040 

258' 

HgS04 

106 

20 

54 

acet.  blk. 

6 

0 .  

12 .3  

0.028 

2.18 

2.25 

1 .  50 

1 .85  

9.64 

13.5 

86 8 

0.62 

0.77 

L 

in- 
c reased  
C & S  

A 

34 

T T  

40 

-6 3 

83/96 

0.040 

310' 

HgS04 

50 

50 

80 

0 

14. 9 

0.028 

2.05 

2 . 2 5  

1 . 5 0  

1 .92  

0 .53  

11.1 

6 20 

0.37 

0.81 

T-87 

Acetyl. 
Black 
electro - 
lyte 

H 
38 

TT  

40 

-6 3 

85/93 

0.040 

258' 

HgS04 

106 

20 

54 

acet.  blk. 

6 

0 

13. 0 

0.028 

1 .92  

2. 24  

1 .50 

1 . 7 2  

0.64 

12.7 , 

501 

0.67 

0.82 

I 
I 
I 

I 
I 

T-88 ' I  

amt.  s 
electro-  
lyte 

H 
32 

A-624 

35 

+20 

67/78 

0.040 

258' 

116 

10 

6 0  

0 

1 2 . 3  

0.028 

2. 27 

2. 27 

.1.50 

1.66 

0.65 

13.6 

400 ' 

0.74 

0 .75  

- - 
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I TABLE I-a 

E L E C T R O C H E M I C A L  CELL TESTS - I 
Test  Number 

Major Variables 

Electrolyte 

Reference (page No. ) 

Ve hicl e 

Net Cell Volume (in.') 

Wet Stand, Hrs lTemp.  " C  

Temperature  O C, Discharge 

Hrs .  to  End Voltage (1. 5 1  1. 3v)** 

Anode (AZ31B Mg) Sheet -Thickness, ins .  

Anode Area  ( cm2) 

Cathode, Major Oxidant 

- -__ ____ 

gm. Major Oxidant 

gm. Sulfur 

gm. Carbon 

Additive 

Additive, g m s .  
HgSO4' NH3 Coordination No. 5 

Separator  Thickness 3 , inches 
Cathode Collector Area (cm2)(Ag wi re )  

- - - - - - -. 
Initial Closed Circuit  Voltage* 

Peak  Closed Circui t  Voltage* 

End Voltage (under maximum load) 

End Voltage (under  light load) 

Peak Anode C. D. (mA/cm2)* 

Peak Cathode Collector C. D. (mA/cmZ)* 

Observed Coulombs/gram Oxidants6 

Observe9 F/rnol Cathode Oxidants6 

Watt H~ure/Inch' of Net Cell 

- __ - .- 

T - 8 9  

wet 
stand 
3 0 0 0 0  

A 

46 

T T  

40 

451-63  

-6 3 

30/ 39 

T-90 T-91 

temp. 
coated 
anode 

A 

32 

A-624 

35  

t 2 0  

5 2 / 9 3  

0 . 0 4 0  

258' 

HgS04 

106 

20 

60  

0 

1 1 . 0  j 1 1 . 7  I 
i 

0 . 0 2 8  1 0 . 0 2 8  

0 .040  

310' 

HgS04 

106 

20 

60  

0 

2 . 1 3  1 2 . 2 3  

2 . 1 7  ' 2 . 2 3  

1 . 5 0  I 1 . 5 0  

1 . 8 2  1 . 7 3  

I 

! 
- -- ----- 

0 . 6 2  I 0 . 5 3  
1 4 . 5  I , 1 4 . 0  

I 

1 7 4  I 307 

0 . 2 3  ~ 0 . 4 1  

0 . 2 8  1 0 . 5 7  
A___ 

temp. 
e lectro-  
lyte 

I-F 
32 

A-624 

35 

+20 

60186 

0 .040  

31OC 

HgSQ . 

196 

20 

6 0  

0 

1 3 . 0  

0 . 0 2 8  

2.41 

2 . 4 1  

1 . 5 0  

1 . 6 5  

___ _____ 

0 . 5 7  

13.6  , 

37 0 

0,49 

0.73 

4 

stand 
300Qsb 1 
46 A I  
40 TT  I 
-6 3 

41 / 5 8  * 
lo6 20 I 
6o I 
0 1 
0.028 1 1 - 7  I 
2 * 2 6  2.  28 I 

- l e 5 0  1 .  80  I 
O." 14. 3 I 
0, 244 32 I 

- -___ 

-____ 
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I Bobbin Configuration - Load, n2 = 2.7/13. 5 

T-93 

25% wt. 70 
KSCN 
el e c t r ol yz e d I- 3 mins. 

I 

I 40 

TT 

I 40 

I -63 

75/89 

0.040 

258' 

I HgSO4 

106 

I 20 

I 
I o  

I 2.21 

60 

11.7 ' I 0.028 

2.20 

1.50 I 1.83 

0.63 

I 13.9 I 
440 ' 0.58 

0.72 i 

T-94 T-95 T-96 

wet 
stand 
6450 

A 

46 
I 

TT 
40 

651-63 

-6 3 
41/50 

0.040 

31 0' 

HgSO4 

106 

20 

60 

0 

11.7 

0.028 

2.25 

2. 25 

1.50 

1.75 

0.53 

14.1 

243 

0.32 

0.40 

wet 
stand 
30000 
High S & C 

A 

46 

TT 

40 

65/-63 

-63 

45/54 

0.040 

31 Oc 

HgSO4 
50 

50 

80 

0 

14. 3 

0.028 

2.13 

2.20 

1.50 

2.00 

0.52 

11.3 

331 

0.20 

0.42 

PbSOr 
and 
Sulfur 

A 

36 
TT 

40 

-63 

341 53 

0.025 

310' 

PbSO4 

108 

20 

60 

13.6 

0.028 

2.06 

2.06 

1.50 

1.91 

0.49 

11.1 

188 

0.25 

0.30 

-7 

T-97 "-98 

Mic roporcws 
rubber 
separator 
0.045" T'hk. 

A 

27 

TT 
40 

-63 
107/119 

0.025 

258' 

HgSO4 

106 

20 

60 

0 

11.7 

0.036 
~ 

2.25 

2. 28 

1.50 

1.70 

0.65 

14.3 

6 37 

0.85 

1.05 

goooll  
MPR 
separator 

A 

46 
TT 
40 

651-63 

-63 

58/76 

0.025 

258' 

HgSO4 

106 

20 

60 

0 

13.0 

0,028 

2.27 

2.27 

1.50 

1.75 

0.65 

12.8 

346 

0.46 
0.57 

T-99 1 

High ~ 

1 
S & C  

1 

A 

34 
TT 

1 

40 I 
-63 

1 
60/72 -1 
0.025 ' 
31 0' 

hg504 
40 

60 

80 
I 

0 

15. 5 

0.028 

2. 25 

2. 27 

1.50 

2.00 

0.54 

10.8 

451 

0.23 

0.59 



Test  Number 

Major Variables 

Electrolyte 

Reference (page No. ) 

Vehicle 

Net Cell Volume (in.3) 

W e t  Stand, Hrs /Temp.  ' C  

Temperature  O G,  Discharge 

Hrs .  to End Voltage (1.5/1.3v)** 

1 

Anode (AZ31B Mg) Sheet -Thickness, h a . '  

Anode Area  (cm') 

Cathode, Major Oxidant 

gm. Major Oxidant 

gm. Sulfur 

gm. Carbon 

Additive 

Additive, gms.  
HgSO4' "3 Coordination No. 5 

Cathode Collector Area (cm2)(Ag wire)  

Separator Thickness3, inches 
~ ~ ~ 

Initial Closed Circuit  Voltage* 

Peak Closed Circui t  Voltage* 

End Voltage (under maximum load) 

End Voltage (under light load) 

Peak  Anode; C, D. (mA/cm')* 

Peak Cathode Collector C. D. (mA/cm2)* 

Obaervcd Coulombe/gram Oxidants6 

Observed F/mol Cathode Oxidants6 

Watt Hourr/Inch' of Net Cell 

-20- I 
I 

TABLE I-a 

ELECTROCHEMICAL GELL TESTS - I 
T-LOO 

( " 4 1 2  so4 

A 

37 

T T  

40 

-63 

87/115 

0.025 

258' 

- -_ 

HgSO4 

106 

20 

60 

( "4 )zSO4 

10 

0 

12 .3  

0.028 

2.20 

2. 25 

1 .50  

1 .75  

0 .64  

1 3 . 5  

616 

0.69 

0.85 

-~ 

T- 101 

50 wt. 70 
KSCN 

J 

40 

T T  

40 

-63 

1031 108 

0.025 

258' 

106 

20 

60 

0 

. 11.6 

0.028 

2. 28 

2 .28  

1 .50  

2.00 

0.65 

14 .5  

615 

0.82 

1.01 

T-102 

10 wt, 70 
KSCN 

E 
40 

T T  

40 

-6 3 

52/60 

0.025 

258' 

HgSO4 

106 

20 

60 

0 

11.6 

0 .028  

2.26 

2.26 

1. 50 

1 .94  

0 ,64  

14. 3 

308 

0.41  

0. 51 

I 
T-103 

MPR Sep. 
masked 
narrow 
30000 I 
A 
44 I 

I TT 

40 

I 65/ -63  

-63 

106 

20 

60 

0 

I 11.6 

0.028 

I 2. 25 

2. 25 

I 1 . 5 0  

1 .87  

I 0.64  

14. 3 

I 362 ' 

0.48  
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Continued 

T- 104 

1 dia. 
I 
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T-105 

27000 

2 

I 

A 

I 27 

T T  

1 40 

B 

45 

T T  

40 

z spent I 1  electrolyte 
cathode I 

I -63 

651-63 

-63 

258' 

I HgSO4 

0.025 0.025 

258' 

HgS04 

106 

I 20 

106 

20 

60 

I 
I o  

60 

0 

2.22 

I 2.30 

1.50 

1 .75  

I 0.028 0.028 

2.15 

2.18 

1.  50 

2 . 0 0  

I -. 1 

0 * 6 6  
13.0 

0.62 

13.7 

1 
1 t r  

.- - 

57 5 

0.77 

93 

0.12 

0.96 0.15 I 

T-106 

MPR Sep. 
masked  
wide 
27000 

A 

44 

T T  

40 

651-63 

-63 

64/74  

0.025 

258' 

HgSO4 

106 

20 

60 

0 

11 .7  

0.036 

2.21 

2.22 

1 .50  

1 . 9 5  

0 . 6 3  

13.9 

37 5 

0. 50 

0.61 

T-107 

MPR 
double 
layer  
27000 

A 

45 

T T  

40 

651-63 

-6 3 

69/78 

0.025 

354c 

HgSO4 

106 

20 

60 

0 

11.7 

0.028 

2 . 3 3  

2. 33 

1 .  50 

1.70 

0.48 

14.6 

41 7 

0.56 

0.70 

T- 108 

KZSQ 

A 

37 

TT 

40 

-63 

841 99 

0.025 

258' 

hg504 

106 

20 

60 

k504 
10 ' 

0 

1 2 . 3  

0.028 

2.20 

2. 24 

1 .50  

1.70 

0.64 

1 3 . 4  

496 

0.66 

0 .81  

T-109 

wet  s tand 
at t2O"C 
MPR 

045" 3000 Tx' 
A 

45 

A-624 

35 

65/+20 

-63 

0/75e 

0.025 

258' 

hg504 

106 

20 

60 

0 

11.6 

0.036 

1.81 

1.81 

0 .80  

0.98 

0.52 

11 .5  

307 

0.41 

0.40 

T-110 

m-DNB 
added 

A 

36 

T T  

40 

-63 

1061121 

0.025 

258' 

hg504 

106 

20 

60 

m-DNB 

10 

0 

13. 0 

0.028 

2. 06 

2. 25 

1.50 

1 .70  
~ 

0 , 6 4  

12.7 

581 

0.79 

1 .03  
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DISCUSSION OF RESULTS 
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Many variations in cell geometry, composition, and t reatment  were  

made during the third quarter  in  o rde r  to improve performance and 

our  understanding of the factors which affectMg/HgS04 cell life. 

While it is desirable  to make single changes, it is not usual ly  possible 

to do so i n  an actual cell.  Comparisons have, therefore ,  been made 

by tabulation of re lated runs; and a broader  a r e a  of factors  has been 

studied. 

CELL GEOMETRY 

Anode Variations - 20 grams Sulfur a t  -63" C - 

Table I1 shows the effects of changes in anode thickness and comp- 

osition. 

rigidity makes it difficult to fit properly to the cathode and prevents 

expansion a s  the cathode swells during aqtivation and discharge.  

These factors  may be responsible for  the shor te r  life of the cel l  

with the thicker anode. 

procured a s  a compromise between a desired excess  Mg and 

flexibility . 

The thicker sheet provides m o r e  available Mg, but i t s  

A thickness of 0 . 0 2 5  inches has been 

P u r e  Mg appeared to be inferior to the alloy, AZ31B Mg on the basis 

of one test .  

TABLE I1 

Anode Variations - 20 p r a m s  Sulfur a t  -63'C - -- 
Anode HgSO4 - N H p  H r s .  to Hrs .  to 

1 .5v 1 - ?v 
T-31 & 41 0 .  016" 2 91 102 

- - Test  No. Thi cknes s Coord. No. 

T-64 0. 040" 2 71 88 
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TABLE I1 Continued 

Anode Variations - 20 prams Sulfur at -63°C 
, -  --- 

Anode HgSO4* N H 3  Hrs. to H r 6 .  to 
T e s t  No. Thic kne s s Coord. NQ. 1,5v 1.3v 

T-60 0. 016" 0 1 06 119 

T -66 0. 014##:> 0 87 94 

:::Pure maganesium sheet;  a l l  other anodes w e r e  the alloy AZ31B Mg. 

Cathode Design 20 g r a m s  Sulfur a t  -63°C --- - 

The nominal 1-1 / 8  inch diameter  cathode i s  shown in  Table I11 to be 

super ior  to  both l a rge r  and smal le r  d idmeters  and has  been adopted 

as standard.  Triple cathodes of smal l  d iameter  were  infer ior  when 

used in  conjunction with ei ther  a common anode or with individual 

anodes.  

T A B L E  III 

Cathode Design - 2 0  g r a m s  Sulfur a t  -6 3 " C - -- 

Tes t  No. 

T-40 

T-37  8.141 

T-60  

T-104 

T-65 

T-82 

Cathode HgS04- h":, 
Diam. Coord.  No. 

1.  50' '  2 

1 .  13" 2 

1. 1 31C 0 

1 .  00" 0 

0. 75" 0 

0.63" 0 

SeDa r a to  r s 

l i rs .  to 

1.5v 

48 

91 

106 

96 

63  

5 5  

l l r s .  to 
1 .3v 

72 

102 

119 

105 

74 

59 

- Anode 
No. 

1 

1 
1 

1 

1 

3 

Cathode 
No. 

1 

1 

1 

1 

3 

3 

Cells  T-60 and T-97 were  similaa to each other  except that the farmer 

had only a M-1365 Webril separatmr, while the latter had both a Webril 



H r s .  to  Hrs .  to 
1 .5v 1.3v 

T-60 106 119 

T-97 107 119 

r 
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and a microporous rubber (MPR) separator .  

a lmost  the same for both cells.  

The life a t  -63°C was  

It is evident that the use  of MPR is unnecessary in this type of cel l  

when discharged under the same conditions of temperature  and 

loading. 

of wet stand, especially a t  low temperature ,  a s  indicated in the 

section on "Activated Stand. " 

However, it is probable that i t  will aid in the achievement 

EFFECTS O F  SULFUR O N  HgS04 2NH3 BQBBIN CELLS 

Cells  assembled in Table IV-a include var ia t ions in HgS04 * 2NH3:S: 

carbon. 

the rat io  of HgS04'2NH3:C was he ld  a t  7:3 by weight. 

cathode weight was maintained a t  200 grams .  

and the life to cut-offs of 1.  5 and 1 .3  volts at the heavy load a r e  

tabulated a t  two temperature  levels. Twenty g rams  of sulfur yielded 

the longest life a t  -63°C. At -73"C,  the difference between 10 and 

20 g r a m s  did not appear to be significant to the 1. 5 volt level, but 

performance to a cut-off of 1.3 volts was substantially improved 

by 20 g r a m s  of sulfur. 

The quantity of sulfur was varied f rom 0 to 40 grams ,  and 

The total 

The quantity of sulfur 

TABLE IVTa 

Effects of Sulfur on HgS04. 2NH3 Bobbin Cells --- - 
Hrs .  to Hrs .  to 

Tes t  No. gms. S 1 1.5v - 1.3v Temp. "C 

typical 2nd quarter  0 60 68 -6 3 

T-36 5 67 73 -6 3 

T-33 10 77 - -  -6 3 
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Tes t  No. 

T-35 

T-37 

T-41 

T- 54 

T-44 

T-6 

T-39 

T-42 

TABLE I V - a  Continued 

Effects of Sulfur on HgSO, 2NH3 Bobbin Cells - - 

gms.. S 

10 

20 

20 

25 

40 

0 

10 

20 

Hrs .  to 
1 .5v  

72 

97 

84 

71 

72 

57 

68  

60 

H r s .  to 
1 .3v  

78 

97.5 

107 

92 

97 

59 

77 

85 

Temp. " C  

-6 3 

-6 3 

-6 3 

-6 3 

-6 3 

-7 3 

-7 3 

-7 3 

Non-ammoniated HgSO, w a s  substituted for the diamine in  the cel ls  

of Table IV-b. 

longest life. 

At -63"C, twenty g r a m s  of sulfur again provided the 

TABLE IV-b 

Effects of Sulfur on HgSO, - 0 NH3 Bobbin Cells - - 

Test  No. 

T-47 

T-76 

T-60 

Hrs. to Hrs .  to 
gn1s.S 1 .5v  1 .3v  Temp. " C  

0 56 57 -6 3 

10 72 80 -6 3 

20 106 119 -6 3 

EFFECTS OF DEGREE O F  COORDINATION OF HgSO4 
WITH AMMONIA AT VARIOUS LEVELS 

O F  SULFUR CONTENT AND TEMPERATURE 

In Table V the effect of temperature  and ammoniation a r e  demonstrated 

with 25 weight percent  KSCN/amFpnia electrolyte and without spent 

electrolyte,  special  separators ,  g r  anode protective coating. 
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In  the absence of sulfur ,  the degree o f  coordination seemed to be 

unimportant at  -63°C; but at -73"C, the diamine appeared to be 

superior  to the the quaternary compound. 

The addition o f  10 g r a m s  of sulf i i r  inc.rcxsed the cell life to 1 .  5 

volts by about 20 per  cent, but the CcJordination number had no effect. 

At the s u l f u r  level o f  20 erams,  the non-ammoni;..ted HgSO, was 

distinctly siiprriol- at the l o w e r  temperatures .  At +2O"C, however, 

the di'irnine yielded a much longer life to 1 .  5 \rolts than the non- 

ammoniated t y p e .  

flat so thnt an additiun;il 61 h o u r s  w e r e  obtained between 1 .  5 and 1 .  3 

volts.  

at +LO"C will be given. 

The d i  s cha rg t .  curve of the la t ter  w a s  exceptionally 

In Table 1-1, the r e s u l t s  of special  t reatments  of cel ls  operated 

The life obtained from celI N o .  T-51 i s  questionable because i t  was 

inivrior to that of Cells 20 and 21 which contained no s u l f u r .  

T A B L E  V 

Effects of Degree of Coordination of HpSO, with Ammonia 

HgSO, S C Coord. Temp. H r s . t o  
Test  No.  'r- g m s .  gms.  g m s .  No. " c :  1 . 5 v  

20 8: 21 143 0 62 4 -6 3 53 

Typ. 2nd Qtr 130 0 56 2 -6 3 60 

47 126 0 60 0 -6 3 56 

33 & 35 

76 

51 

37 & 41 

60 

133  10 57 2 -6  3 7 2  

116 10 60 0 -63 7 2  

126 20 54 4 -6 3 38 

126 20 54 2 -6 3 91 

106 . 20 60 0 -6 3 106 

H r s .  to 
1 . 3 v  

- -  
6 8  

57 

7 8  

80 

- -  
102 

119 
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TABLE V Continued 

Effects of Degree O f  Coordinatioh of HgSO4 with Ammonia 

HgSO4 
Test  NO. T- gms. 

9 i% 14 161 

6 81 16 143 

42 

61 

50 

126 

106 

126 

62 106 

S 
gms. 

0 

0 

20 

20 

20 

20 

c 
gms. 

69 

62 

54 

60 

54 

60 

Coord 
No. 

4 
2 

2 

0 

2 

6 

- Temp. 
"C 

-7 3 

-7  3 

-73 

-7 3 

+20 

+20 

I 

H r s .  to 
1,. 5v 

37 

52 

63 

85 

49 

30 

Latimer '  gives aqueous reactions for the mercur ic  ion with both the 

thiocyanate ion and with ammonia. 

these reactions a r e  approximately the same at 2 x 1019 as indicated 

below. 

The equilibrium constants for 

Hg++ + 4NH3 A& Hg(NH3),++ KG 2 +  

The implication of these aqueous data is that the mercury  ion of the 

mercu r i c  sulfate is a t  l ea s t  partially coordinated by the thiocynate ion 

ra ther  than ammonia when activated with electrolyte a t  -63°C. 

Fur thermore ,  i f  coordination with ammonia has been accomplished 

p r io r  to this, a transformatioh to the pseudo halide complex does 

not take place. 

significance in the presence of sulfur! 

This metastable condition appears  to exis t  or be ok 

Hrs .  to 
1 i*$*v- 

- -  
- -  

85 

102 

76 

91 

'W. L Lat imer ,  Oxidation Potentials (1952) pp. 180-1. 
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TESTS AT t 2 0 " C  

It is not an object of this program that cel ls  should run for  72 hours 

a t  t2O"C. However, t e s t s  were conducted at this temperature  for 

the knowledge which might be gained wits1 respect  to corrosion 

problems and the achievement of wet stand. 

The best  resul ts ,  a 76-hour l i fe  to 1. 5 volts, was Qbtained in No. T-68 

which had the following features: 

1 .  HgSO,'ONH,: S: C = 106: 20~60; 

2. 50 p e r  cent spent electrolyte f r o m  a s imi la r  discharged cell, 

plus 50 per  cent of 25 weight pe r  cent KSCN in liquid ammonia; 

activation a t  -6 3" C; 

the outside of the anode was coated with K-M rubber cement to 

reduce corrosion.  

3. 

4. 

T-90, which r an  52 hours,  was the same except that spent electrolyte 

was not used. 

T-62 had neither spent electrolyte nor a coated anode. 

30 hours . 
It ran  only 

All of these cel ls  had about the s a m e  life to 1 .  3 volts; namely, over 

90 hours.  

The electrolyte in  Nos. T-91, T-83, and T-88 contained a mixture  of 

Mg(SCN), and KSCN. In addition, No. T-83 contained M g S O l  in  the 

electrolyte.  Electrolyte (H), containing the higher concentration of 

Mg( SCN), yielded reasonably good resu l t s .  

Activation of slaked HgSOI at 20",53 was unsuccessful and none of the 

special  anodes worked as well as a sheet  of AZ31B M g  wrapped around 

the outside of the cathode. 
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Test 
N O .  

- 3 3 -  

The resu l t s  af t e s t  N o .  T-50, containing HgSO, 2NH3 indicate that 

this cathode Norild give good per iormance i f  spent electrolyte and 

a coated anode were  used .  

A summary  of the eqperiments at 20°C is given in  Tables VI  and VII. 

HgS04-  
"3 

Coord. # 

T- 38 

T-43 

T-45 

T-52 

T-53 

T- 50 

T-62 

T-90 

T-68 

T-91 

T-83 

T-88 

4 

4 

4 

2 

2 

2 

0 

0 

0 

0 

0 

0 

S 
pms. 

10 

20 

20 

20 

20 

20 

20 

20 

20 

20 

10 

10 

TABLE VI 

Cell T e s t s  at +20°C 
---.I; 

El e c t ro  - 
l y t e  Activ. H r s .  to 

Code::: Temp. 1 .  5~ 

A t20 I 1  

C' +20 0 

A t20 5 . 5  

A -6 3 3 3  

A -6 3 35 

A -6 3 49 

A -6 3 30 

A -6 3 5 2  

B -6 3 76 

H -6 3 6 0  

G -6 3 49 

H -6 3 67 

* re fe r  to "Notes and Code to Table I-a.  ' I  

H r s .  to 
1 . 3 v  

19 

- -  

9 . 5  

45 

6 2  

76 

91 

9 3  

92 

86 

76 

78 

Special Fea tures  

Incomplete actv.  

Mg tube anode 

center  anode 

double anode 

coated anode 

coated anode 

coated anode 

coated anode 

coated anode 



Tes t  
No. - 
T-SO 

T-62 

T-90 

T-68 

T-91 

T -83 

T-88 

Tes t  
NO. T- 

37 & 4 1  

44 

48 

60  

80 

86 

99 
8 5  

55 

56 

59 

Ce - 

-34- 

TABLE VII 

1 Tests at +,O"C ---- 
High Load Voltape after: 

,1 day 2 days 3 days 4 days 

1 .85  1. 50 1.35 --- 
I .  74 1.46 1.44 1.15 

1.92 1. 52 1.44 1.18 

1.98 1 .53  1. 51 1.20 

1.96 1.61 1.44 - - -  
2 .05  1. 50 1.35 - - -  
2.  05 1. 52 1.47 0.65 

Low Load Voltage after: 
1 day 2 days 3 days 4 days 

2.00 1.70 1 . 6 0  -c- 

1.96 1 .73  1.65 1.42 

2.08 1 .75  1.62 1.40 

2.06 1.77 1.66 1.40 

2.07 1.78 1.63 - - -  
2.20 1.65 1 .60  --- 
2 .20  1 . 7 0  1 .65  0.80 

Table VI1 demonstrates  a remarkable s imilar i ty  i n  the voltages 

generated by  m o s t  of these cells a f te r  the first day of discharge.  

CATHODE COMPQSITION 

TABLE VIII 

Variations in the Proportions of HESO,, Fulfur and Carbon -- - -- 

HgS04 
gms.  

126 

112 

72 

106 

75 

50 

4 0  

106 

0 

0 

0 

S 
gms. 

20 

40 

36 

20 

39 

50 

60  

20 

30 

30 

42 

C 
gms. 

54 

48 

72 

60 

72 

80 

80 

54 

90 

90 

84 

~ _ _  

Acet. 
Black 
Ems. 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

Coord. 
No. 

2 

2 

2 

0 

0 

0 

0 

0 

- 

- 
- 
c 

Temp. 
"C 

-63 

-63 

-63 

-63 

-63 

-63 

-63 

-6 3 

-63 

-63 

-63 

1 

Hrs.  to 
1.5v 

91 

72 

78 

106 

83  

83  

60  

79 

41 

33 

25  

Hrs .  to 
1.3v 

102 

97 

93 

119 

98 

96 

72 

95 

45 

45 

45 

Coulombs 
per g r a m  
Oxidants 

466 

355 

5 34 

628 

544 

620 

451 

468 

96 8 

775 

431 



Variatione in the Proportions - of HgSO,, Sulfur - and Carbon 
L c - ,  - 

A m e r c u r i c  sulfate to carbon rat io  of approximately 7 : 3 a s  ern- 

ployed in tests T-37, T-41, and T-60 produced the longest life 

to 1 . 5  \oolts. 

A comparison of T-48 with T-44 shows that an inc rease  in carbon 

(and a significant decrease  in  HgSO,) improved the life to 1 .  5 volts 

only slightly, but i t  increased the observed coulombs per gram of 

oxidants fram 355 to 534. Thus, while the watt hours  obtained 

were  nvt increased gre'itly, the weight of the cathode reactants  

was substantially reduced. Similarly,  'r-80 and T-86 exhibited 

long life and relatively high coulombic output. 

The only observed advantage of acetylene black (T-85) w a s  an 

imp rov e m  en t in e 1 e c t r o 1 v te ab so r p t 1 on. 

The proportiuns used in  T-99 yielded a pronounced dec rease  in  

discharge timr+ to 1 .  5 volts. 

When the HgSOJ was reduced to  zero ,  the cell llfe \ V , L S  reduced to 

one half of t h e  rtaquired va lue ;  but the coulombs pe r  gram of 

oxidant+ increased to  an average of Almost 900. 

t e s t  No. T-59 indicate that bet ter  resu l t s  might have been obtained 

by increasing the ratio of C:  S. 

The r e su l t s  of 

HgSO, . O  NH3 Versus  Other Oxidants - 

The tes t  resu l t s  assc*mbled in  Fable IX show th,it  t1;e best cdthudt! 

developed thus far  fo r  low t empera ture  d ischarce  i s  t h e  one con- 

taining 106 grams of HpSO, a n d  20 g r a m s  o f  sulfur, together with 

6 0  g r a m s  of carbon. 

%sulfur  



I '  

TABLE IX 

HgSO, - 0 N H 3  Versus Other Oxidants 

Test  HgSO, S Hg(SCN), HgS PbSO, Temp. H r s . t o  Hrs . to  
'C 1 . 5  1 . 3 v  - N0.T- gms. gms. gms.  g r n s .  gms.  

40 106 20 0 0 0 -63  106 119 

70 0 20 106 0 0 -6 3 6 3  74 

77 0 20 0 106 0 -6 3 35 40 

96 0 20 0 0 108 -6 3 34 53 

47  126 0 0 0 0 -6 3 56 57 

71 0 0 0 130 0 -6 3 21 28 

61 106 20 0 0 0 -7 3 85 102 

7 3  0 20 106 0 0 -7 3 60 74 

met  a - Dini t r oberizene 

Cell No. T-110 contained the same cathode a s  T-60, except that 

10 g r a m s  of m-DNB were  added to the fo rmer .  

- 6 3 ° C  was 106 hours  to 1 .  5 volts and 121 hours  to 1 . 3  vo l ts .  No 

differences were  observed. 

The cell life at 

Table X demonstrates  the performance of m-DNB/C bobbin c e l l s  

at -43" C. 

TABLE X 

m eta - Dini t r oben z e ne 

T e s t  m - D N B  Carbon H r s .  to H r s .  to 

57 30 9 0  22 57 

58s 30 90 0 18 

NO. T- g r a m s  g r a m s  1 . 5 v  1 . 3 v  

*70-hour activated stand at -63°C pr io r  to discharge 
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It is evident that m-DNB shows li t t le promise of successful 

operation in  this type of construction. 

Tes t  
NO. T- 

60 

81 

100 

108 

TABLE XI 

Effects of the Addition of Sulfates to the Cathode 
to Depress  the Solubility of HgSO, a t  -63°C 

(Basic  cathode = 106 g .  HgSO, t 20 g .  S + 60 g. C) 
- - - - 

Sulfate Additive 

None 

10 g. MgSO, 

10 g. ("4),SO, 

10 8.  KZSO, 

Electrolyte H r s .  to 
Code-:' 1.5v 

A 106 

F 49 

A 87 

A 84 

Hrs. to 
1 .3v  

119 

57 

115 

99 

*Refer to "1.des and Code to Tab-e I-a, I '  page 7. 

None of the sulfates seemed to be effective in  prolonging cell life. 

(NH4,zS04 was the leas t  detrimental .  . 

ELECTROLYTE STUDIES 

The resu l t s  of electrolyte studies a r e  given in  Table XII, (a) through 

(a).  
I-a,  ' I  page 7 .  

The electrolyte code is explained in  "Notes and Code to  Table 

The cathodes reported in  Table XII-a were  comprised of 106 g rams  

of HgS04-ONH3, 20 g r a m s  of sulfur, and 60 g r a m s  of carbon. In 

T-81, 10 g rams  of MgSO, were added to the above mixture.  

At -63°C. an increase  in  the rat io  of "spent" to "new" electrolyte 

decreased  cell life to 1.  5 volts f rom 106 hours with 100 p e r  cent 

new tc, 78 hours with 100 per cent spent. 

in T-81 with a Mg(SCN)2 electrolyte saturated with MgSO, and a 

Poor  resu l t s  were  obtained 

1 i 
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cathode which contained excess  MgSO,. 

depres s  the solubility of HgSO,. 

Half of the electrolyte therein was a 17 weight per gent Mg(SCN)z 

solution in liquid "3. 

The sulfate was  added to 

1'-87 yielded 85 hours  to  1 .  5 volts. 

An elpctrolyte containing 50 per cent "spent" decreased life at -7 3" C, 

but substantially increased  life a t  +20° C, essentially providing 

g rea t e r  than 7 2  hours  over this  even wider temperature  range. 

About half of the improvement in T-68 over  T-62 was due, 

probably, to the coating of the back of the anode in  Tr68 with 

rubber cement.  This is indicated by No. T-90 in  whjch a coated 

anode was used i n  conjunction with new electrolyte.  T-91 shows 

that a half and half mixture of new KSCN and synthetic Mg(SCN)2 

electrolyte produced a cell life between that of new 3 ~ d  spent 

electrolytes a t  +20° C. 

Although the life to  1. 5 volts var ied  considerably, it should be 

noted that the voltages a t  the end of each day were  qqjte s imi la r  

in all ce l l s .  

Excerpt f rom 'Table I-b 

High load voltage after:  
1 day 2days  3days  1 day 2qays  j a a y s  

Low load voltage after: 

T-62 1.74 1.46 1.44 1 96 1 73 1 . 6 5  

T-90 1 . 9 2  1 .52  1.44 2. 08 1 -  75 1.62 
T-68 1 .98  1 . 5 3  1 .  51 2.06 4-77 1.66 
T-9 1 1.96 1 .61  1 .44  2.07 i . 3 8  L 6 3  

See Table VI, page 33, fo r  cell variables.  

The following chemical analyses pave been made, and the resu l t s  

are being evaluated: 



I T-60 
1 T-74 

T-67 

T-81 

T-87 I 
I T-61 

T-72 

1 T-62 
1 T-68 

T-90 

T-91 I1 
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1 .  spent electrolyte from Cell No. T-62 

2. gas  formed in  Cell No. T-62 

3,  gas formed i n  Cell No, T-68 

I n  T-85 and T-87, the interaction between spent electrolyte and 

acetylene black is not significant a t  -63°C. 

The net resul t  of these experiments indicates that considerable 

benefit can be derived from spent electrolyte a t  +20°C, but 50 

percent  spent electrolyte slightly decreased the performance at 

-63°C and more  s o  a t  - 7 3 ° C .  

range t2O"C to -73°C; i s  interpolated in  the region of 25 percent  

spent electrolyte.  

Optimum performance over the 

TABLE XII-a 

HgSO4 t 20 g r a m s  Sulfur 

Electrolyte 
Sy nt he ti c 

New Spent f l  # 2  Cathode 
70 70 % - Code Additive 70 - - - 

100 A 

50 50 

0 100 

50 

100 

50 

100 

100 

5 0  

50 

50  

100 

50 

B 

D 

F 10 gm. 
MgSO4 

50 H 6 g m .  
acet .  blk. 

A 

B 

A 

A 

B 

50 H 

Temp. 
"C 

-63 

- 6 3  

-6 3 

-63 

- 

-63 

., 73 

-73 

4-20 

tZ0 

t2Q 

t 2 Q  

H r s .  to 
1.5v 

106 

101 

78 

49  

8 5  

8 5  

67 

30 

52 

76 

6 0  

H r s .  to 
1. 3v 

119 

109 

87 

57 

93 

102 

75 

91 

93 

92 

86 
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TABLE XU-a Continued 

HgSO, + 20 g r a m s  Sulfur 

El e c tr ol yte 
Synthetic 

New Spent #1 #2 Cathode Temp. Hrs . to  Hrs . to  
Code Additive "C 1 .5v  1 . 3 ~  - % - % - % - % - 

I T-87 50 50 H 85 93 1 -6 3 6 gm. 
acet.  blk. 

1 T-85 100 -6 3 6 gm. 
acet. blk. 

A 79 

T-93 electrolyzed KSCN in L. N H 3  I 

T-102 10 Wt. 70 KSCN in  L. NH3 E 

I T-101 50 Wt. '70 KSCN in  L. "3 J 

-6 3 75 

-6 3 103 

-6 3 52 

I 
I 

I 

Concentration of KSCN Electrolyte -- 

The following excerpts  f rom Table I-b i l lustrate  the relative per- 

formance of KSCNINN3 electrolytes in concentrations of 10% (T-.lO2), 

2570 (T-601, and 50% (T-101). 

but both 25% and 50'70 provided long cell life, although the la t te r  

generated voltage a t  a much lower level during mos t  of the high 

load portion of the cycle. 

Ten pe r  cent KSCN was unsatisfactory, 

Excerp ts  from Table I-b - 

95 

89 . 
108 *;! 
60 

T e s t  High Load Voltage after: Low Load Voltage after:  Hrs .  to Hrs.tg I No. T- 1 d a y  2days 3days  4days  1 day 2days 3daye 1 . 5 ~  1.3v* 

102 1.82 1.59 2.20 1.99 52 60 

1, so 106 119 

- 

I B 60 2.15  2.10 1 . 9 5  1 .55  2.26 2. 25 2. 15 

I 
1.70 1.81 1.75 1.58 2.21 2.21 2.20 2.03 103 108 ' 101 

See Table Xu-a, page 39, fo r  cell  variables 

*under heavy load 

t 
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Electrolyzed KSCN 

In T-93, the electrolyzed KSCN worked reasonably well, but i d  
did not run as long as T-60 with new electrolyte.  

Table XII-b shows that  the more concentrated Mg(SCN)2/liquicl m3 

electrolyte, (H), was superior to the m o r e  dilute one, (G), whiqb 
also contained MgSOI. 

TABLE XII-b 
HgSOt 2 10 grama  Sulfur 

El e ct rolvte 
-~ 

Synthetic 
New Spent ill #2 %8.  to Hrs. to Temp. 

% 70 Code " C  1, SV 1 . 3 ~  70 % 
50 50 G t20  49 76 

- - - - 

50 50 H +20 43 78 

Hg(SCN),/S cells performed almost equally well a t  -63°C with either 

new or 50 per  cent spent electrolyte. 

TABLE XII-c 

Ha(SCN), + 20 Grams  Sulfur 
D. u-- 

Electrolyte 
Synthetic 

New Spent # 1  #2 Temp. I j r s , to  Hrs . to  
Code "C 1 . h  1.3v - 70 - 70 - 7 0  - % - 

T-70 100 A -6 3 63 74 

T-78 50 50 B -6 3 bo 7 0  
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Pre- t rea tment  of Cathode Mix with 2570 KSCNlliquid N H a  - ---- 
4 

The cathode mix  contained in cells T-69 and T-75 was t reated with 

25 pe r  cent KSCN/liquid NH3 electrolyte; af ter  which the NH3 was 

evaporated and the mixture  was pulverized and then used to build 

the bobbin cathodes. Since the combined weight of the solids was  

not increased by the treatment,  it is assumed that none of the 

N H 3  coordinated with the HgSO,. 

assumption that all of the HgSO, mus t  have combined in some 

complex fo rm with the KSCN. Subsequent cell t e s t s  with this 

mater ia l  were  not encouraging. 

This leads to the fur ther  

TABLE XII-d 

Pre- t rea tment  of Cathode Mix with 2570 KSCN/liquid NHz - ---- 
Temp. Hre.to Hrs . to  

Code " C  1.5v 1 .3v  

T-69 liquid N H 3  activation C -63 30 45 

T-75 activated with 10% KSCN/L. NH3 E -6 3 0 23 
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REPRODUCIBILITY 

With respect  to reproducibility, th ree  pa i r s  of cells a r e  l isted 

i n  Table MI1 which differ only with respect  to slight variation 

of anode area .  The average variation in  l ife between pa i r s  to 

1.5 volts was 9 p e r  cent. 

( the slope of the voltage t ime curve), this correlation i s  felt  to 

be  ra ther  ~ood. 

Considering the small value of Av/At  

TABLE XIlI 

Outside Anode; Low Temperature  Liquid Activation - 
Hours to Anode Area Variation 
1.5 VHL crn2 O n e  Side in Life 

T- 18 

T-19 

T-33 

T-35 

T- 37 
T-41 

59 

53 

73 

7 2  

97 

84  

4 30 

36 2 

3 37 

377 

36 8 

36 8 

11% 

1% 

14% 
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ACTIVATED STAND 

Objective II of this program is aimed at l imited wet stand to +70°C. 

Pre l iminary  investigations included (1) the coating of Mg anodes 

with lead by vapor deposition, (2) "tinning" the Mg surfaces  by 

a propr ie ta ry  process ,  (3) coating the outer anode surface with 

K-M rubber cement, (4) electrolyte modifications such a s  "spent" 

and synthetic Mg(SCN),/NH3 solutions, (5) cathodic stabilization 

through the addition of sulfates, (6) cathode composition, (7) improved 

separation, (8) active stands under light drain,  

electrolyte and gaseous cell  products, and (10) studies of cell 

chemistry.  

to war ran t  detailed evaluation. 

(9)  analyses of spent 

The work has not progressed  f a r  enough a t  this writing 

The activated stand cell tes t s  a r e  summarized in  Table XIV. 

o r d e r  to gain an insight into the relative effects of various fac tors ,  

the initial wet stands were  conducted a t  -63"C, followed by one 

stand a t  +20"C. 

In 

Several  interesting developments may be found in  Table XIV. 

(a) The application of a light drain, such a s  3, 000 Q o r  about 

2/3 mA, increased the discharge life decidedly. 

a microporous rubber separator ,  in  addition to the standard M- 1365 

Webril paper,  was ve ry  beneficial. ( c )  In T-103, a modest improve- 

ment  was gained by painting one side of the MPR with K-M rubber 

cement in  the form of 1/4" wide bands a t  1 /4" intervals .  

resu l t s  were  obtained in T-106 by coating both s ides  of the M P P  

with -l-"-%iXk-badq gC cement on 1 /4" spacings.  

was offset on the two sides  in a pat tern that required diffusion to 

follow a zig-zag course.  

(b) The use  of 

(d) Similar 

The masking design 

(e)  The longest life to 1 . 5  volts was 
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obtained in T-107 through the use of a double layer of MPR. 

spent electrolyte yielded very poor results in T- 105. 

(f) Half- 

Some progress i s  indicated by test No. T-109 in which the wet 

stand was conducted at 20" C with a 3,000 0 load, followed by 

discharge under cyclic load at -63'C. 

I 
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TEST HARDWARE 

Two s i zes  of Py rex  t e s t  tubes were  employed as cell ca ses  for 

low temperature  tests during the third quar te r .  

1.8 inches inside diameter  by 16 inches long; the other,  2.5 

inches inside diameter  by 20 inches long. 

used for  grea te r  depth in the cooling bath. 

plast ic  l i ne r  was inser ted  i n  the test tube to reduce the volume 

by about 20 inches'. 

pe rmi t  observati- and modification to cel ls  during operation in  

the presence  of case material .  

The one s ize  is 

The longer tube was 

In most  tes ts ,  a 

These tubes a r e  convenient to use and 

Another type of t e s t  chamber, No. A-624, Figure I, page 48, 

was used for  tes t s  at  - 7 3 ° C  and a t  t2O"C. 

u s e  of disposable, cross-linked polyethylene pipe and re-usable  

s ta inless  steel end plugs. Prel iminary hydraulic and pneumatic 

t e s t s  conducted on this container indicated that it could withstand 

p r e s s u r e s  in  excess  of 1,000 pounds p e r  square inch at  room 

temperature .  

the cell length an easy task. 

This vehicle makes 

The versati l i ty of this plastic pipe makes changing 
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LlOUlD NH3 ELECTROLYTE 
J,, 1T--ENTRr 

PLASTIC TUBE 

LiOUlO "3- 
ELECTROLYTE 

\ I 

ANODE 

COLLAR 

STAl N LESS 
PLU G 

SEPARATOR 

CATHODE 
COLLECTOR 

STEEL 

CATHODE MIX 

'STAINLESS STEEL 
PLUG 

COLLAR 

M Y  FY-100 

A-624 TEST VEHICLE 

FIGURE 1 
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REFRIGERATION 

One of our mechanical refrigeration units was redesigned and 

rebuilt to provide a continuous operating temperature of -63'C. 

A liquid CO, refrigeration unit with forced circulation has been 

operated successfully at -7 3'C. 

A mechanical refrigerator capable of maintaining a temperature 

of -90°C is scheduled for delivery in  April. 
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FUTURE WORK 

Bring the electrode and electrolyte studies to a logical conclueion. 

Continue the effort towards wet stand. 

Conduct lower temperature cell tests towards the goal of - vO°C,  


